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Abstract

This report was prepared in response to a request from the Committee on Finance of the
United States Senate regarding the competitive conditions affecting certain industries that
are developing and adopting new biotechnology processes and products. As requested by the
Committee, the report focused on firms in the U.S. chemical industry and U.S. producers of
liquid biofuels. Much of the data for this report was gathered by questionnaire directly from
the liquid fuel and chemical industries.

The development and adoption of industrial biotechnology (IB) in the United States by the
chemical and liquid fuel industries expanded substantially during the 2004—-07 period. These
industries increasingly use enzymes, micro-organisms, and renewable resources in the
production of fuels and chemicals. IB has the potential to lower production costs, create
sustainable production processes, and reduce the environmental impact of producing and
using fuels and chemicals.

IB adoption is reflected in a large increase in sales of U.S.-produced liquid biofuels and bio-
based chemicals. Although a major portion of the increase is accounted for by the ethanol
and biodiesel industries, which are supported by government tax incentives, mandatory use
regulations, or both, pharmaceutical products still account for the majority of these sales.
Sales of liquid biofuels and bio-based chemicals remain small in comparison to conventional
chemicals and liquid fuels.

IB development may result in the creation of innovative products or processes. All measures
of innovation increased during the 2004-07 period, including R&D expenditures, patent and
trademark activity, strategic alliances, and government grants. However, operating income
as a share of total net sales of bio-based products was relatively flat during the period,
largely due to the substantial increase in agricultural feedstock prices. Feedstocks account
for over 50 percent of production costs for liquid biofuels.

Industry participants consider a lack of capital to be a major impediment to both the
development and adoption of IB. Many impediments identified by companies relate to the
risk inherent in new technology, including the uncertainty of whether such technologies can
be fully developed and adopted. This uncertainty makes it difficult to attract R&D and
investment capital. Other major impediments identified by liquid fuel and chemical
producers as affecting the adoption of IB include high feedstock and production costs and
limits of technology.

IB activities in many foreign countries also increased during the 2004—-07 period. Like the
United States, foreign governments use tax incentives, mandatory use regulations, and R&D
funding to support their IB industries. Brazil, China, and the EU are notable examples.
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Glossary

Biobutanol—Butanol is an alcohol that can be used as a replacement for gasoline.
Biobutanol, like ethanol, is produced either from conventional crops, such as corn, or from
cellulosic feedstocks. Some advantages that butanol has over ethanol as a transportation fuel
are a higher energy density, which provides more miles traveled per gallon of fuel, and a
lower tendency to absorb water, which provides more flexibility for transporting butanol and
blending it with gasoline. A current disadvantage of butanol versus ethanol is that it is more
expensive to produce using existing technology, making it less competitive with ethanol.

Biocatalysis—Biocatalysis is the use of isolated enzymes and/or micro-organisms as
biocatalysts to conduct chemical reactions.

Biocatalyst—According to the American Heritage Dictionary, a biocatalyst is “A substance,
especially an enzyme, that initiates or modifies the rate of a chemical reaction[, often] in a
living body.” Micro-organisms, including bacteria and fungi (e.g., yeasts), can also be used
as biocatalysts.

Biodiesel—A liquid biofuel suitable as a diesel fuel substitute or diesel fuel additive or
extender. Biodiesel is typically made from oils (e.g., soybean, rapeseed, or sunflower) or
from animal fats. Biodiesel can also be made from hydrocarbons derived from agricultural
products such as rice hulls.

Biofuels—L.iquid fuels and blending components produced from biomass (plant) feedstocks,
used primarily for transportation. (PCAST, The Energy Imperative Technology and the Role
of Emerging Companies, November 2006, Glossary.)

Biomass—*“Any organic matter that is available on a renewable or recurring basis, including
agricultural crops and trees, wood and wood wastes and residues, plants (including aquatic
plants), grasses, residues, fibers, and animal wastes, municipal wastes, and other waste
materials.” (Biomass Research and Development Act of 2000 7 USC 7624 Note.)

Biopolymers—A polymer comprised, at least in part, of building blocks called monomers,
produced in a biorefinery from renewable feedstocks such as corn. An alternate definition
for biopolymer, including all biologically produced polymers like DNA, RNA, and proteins,
will not be used in this study.

Biorefineries—"“A biorefinery is a facility that integrates biomass conversion processes and
equipment to produce fuels, power, and chemicals. The biorefinery concept is analogous to
today’s petroleum refineries, which produce multiple fuels and products from petroleum.”
(National Renewable Energy Laboratory, Biomass Research.
http://www.nrel.gov/biomass/biorefinery.html.)




Biotechnology—The use of enzymes and metabolic processes of living organisms (often
micro-organisms) to produce chemicals that have medical, environmental, or economic
value. “*Biotechnology is the integrated application of natural and engineering sciences for
the technological use of living organisms, cells, parts thereof and molecular analogues for
the production of goods and services.” Biotechnology thus consists of the use of living
organisms or parts thereof, to make or modify products, improve plants and animals, or
develop micro-organisms for specific purposes.” (European Federation of Biotechnology
(EFB) as noted in “Industrial Biotechnology and Sustainable Chemistry,” January 2004,
Royal Belgian Academy Council of Applied Science, 8.
http://www.europabio.org/documents/150104/bacas_report_en.pdf.)

Building block chemicals—Chemicals that are subsequently converted to other chemical
products, either using methods of biotechnology or traditional chemical synthesis.

Chemical platforms—The term “chemical platforms” refers to the technological processes
to convert biomass into biofuels (e.g., bioethanol), chemicals, and power. Also, defined as
chemicals that are extracted from the agricultural feedstock as the first step in the biorefining
processing. The biorefinery subsequently converts these chemicals to fuels and/or building
block chemicals, so the term is also used to refer to biomass conversion technologies. The
main platforms are the sugar platform and the thermochemical platform.

Sugar platform—Conversion technology to “biologically process sugars in
biorefineries to fuel ethanol or other building block chemicals.” In a sugar platform,
sugars are often extracted from crops, such as sugarcane and corn, or from any
cellulosic feedstock, and then converted to derivatives including bioethanol and
biobutanol.

Thermochemical platform—*“Converting the solid biomass to a gaseous or liquid
fuel by heating it with limited oxygen prior to combustion,” in turn allowing for the
conversion of the biomass to chemicals and other products. In a thermochemical
platform, bio-based synthesis gas produced from the partial combustion of biomass
contains hydrogen gas and carbon monoxide, among other gases, which can be
converted at high temperatures to a great variety of organic chemicals.

Enzymes—Biologically-derived, biodegradable proteins that speed up chemical reactions.
For example, in a biorefinery producing cellulosic ethanol and other chemicals, a group of
enzymes called cellulases is needed to breakdown cellulose into sugars that can be fermented
to produce the desired products.

Ethanol (also called bioethanol)—A clear, colorless, flammable, oxygenated hydrocarbon
(CH3-CH20H). In addition to its uses as a chemical, ethanol is also a liquid biofuel that can
be used as a substitute for or blended with gasoline. It is produced by fermenting sugars from
carbohydrates found in agricultural crops and cellulosic residues. In the United States, the
biofuel is produced mainly from corn. Cellulosic ethanol is produced from lignocellulose
feedstocks (cellulosic residues), including agricultural residues (e.g., corn stover), forestry
residues (e.g., wood chips), energy crops (e.g., switchgrass), and municipal waste. It is also
used in the United States as a gasoline octane enhancer and oxygenate (blended up to
10 percent concentration; also called E10). Ethanol can also be used in high concentrations
(E85; ablend of 85 percent ethanol with 15 percent gasoline) in vehicles designed for its use,
which are usually called flex-fuel vehicles.
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Fermentation—The use of micro-organisms to break down complex organic compounds
into simpler ones.

Flex-fuel vehicle—A vehicle that can operate on:

(1) alternative fuels (such as E85),
(2) 100 percent petroleum-based fuels, or
(3) any mixture of an alternative fuel (or fuels) and a petroleum-based fuel.

Flex-fuel vehicles have a single fuel system to handle alternative and petroleum-based fuels.
Flex-fuel vehicle and variable fuel vehicle are synonymous terms. (PCAST, The Energy
Imperative Technology and the Role of Emerging Companies, November 2006, Glossary.)

Green chemistry—The design of chemical processes and products with the goal of reducing
or eliminating the consumption or generation of hazardous or toxic substances. This
commitment to developing alternative chemical syntheses reduces a company’s
environmental footprint and can improve a company’s competitiveness. Among the 12
principles of green chemistry are several that can be met through the use of industrial
biotechnology, including the prevention of waste, the design of safer and less toxic processes
and chemicals, a focus on increased energy efficiency, and incorporation of renewable
resources as inputs.

Greenhouse gas (GHG)—Those gases, such as water vapor, carbon dioxide, nitrous oxide,
methane, hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride, that
are transparent to solar (short-wave) radiation but opaque to long-wave (infrared) radiation,
thus preventing long-wave radiant energy from leaving Earth’s atmosphere. The net effect
is a trapping of absorbed radiation and a tendency to warm the planet’s surface. (PCAST,
The Energy Imperative Technology and the Role of Emerging Companies, November 2006,
Glossary.)

Industrial biotechnology (or white biotechnology)—Distinct from medical (red
biotechnology) and agricultural biotechnology (green biotechnology), industrial
biotechnology “is the application of modern biotechnology for the industrial production of
chemical substances and bioenergy, using living cells and their enzymes, resulting in
inherently clean processes with minimum waste generation and energy use.” (Royal Belgian
Academy Council of Applied Science, “Industrial Biotechnology and Sustainable
Chemistry,” January 2004, 10.
http://www.europabio.org/documents/150104/bacas_report_en.pdf.)

The Commission’s definition of industrial biotechnology is: the manufacture of liquid fuels
and chemical products using enzymes, micro-organisms, fermentation, or biocatalysis at any
stage of production, regardless of the type of raw materials used (e.g., biomass, fossil fuel-
based, or inorganic substances), or the manufacture of liquid fuels and chemical products
from renewable resources regardless of the type of processing technology used.

Patent—A set of exclusive rights granted by a government to an inventor or his assignee for
a fixed period of time (usually 20 years) in exchange for the public disclosure of an
invention.

Trademark—A word, name, symbol, or device that is used in trade with goods to indicate
the source of the goods and to distinguish them from the goods of others.
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Trade secrets—Information that derives economic value from not being generally known
by others, and that is the subject of reasonable efforts to maintain its secrecy.

Transesterification—The reaction of an ester with an alcohol that results in the formation
of a different ester. In the production of biodiesel, the transesterification reaction removes
the fatty acid portions of the plant oils from their glycerin backbones to form fatty acid
methyl esters and the glycerin byproduct.

Venture capital—Money provided by professional investment firms that invest alongside
management in young, rapidly growing companies that have the potential to develop into
significant economic contributors. Venture capital is an important source of equity for
start-up companies.

Whole-cell systems—M icro-organisms that contain/generate multiple enzymes that perform
a series, or a “cascade,” of chemical conversions.
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Executive Summary

The Committee on Finance of the United States Senate requested the Commission to
examine the competitive conditions affecting certain industries that are developing and
adopting new industrial biotechnology (IB) processes and products. IB was defined for
purposes of this study as the manufacture of liquid fuel and chemical products using
enzymes, micro-organisms, or renewable resources. The report focuses on U.S. liquid biofuel
producers and firms in the U.S. chemical industry. The application of IB can improve the
efficiency of the industries and lead to the development of new products. The report provides
an understanding of the current impact of IB on the U.S. economy.

Overview and Principal Findings

The U.S. liquid biofuel and bio-based chemical industries expanded significantly from 2004
through 2007, although the current impact of this growth on the U.S. economy is relatively
small. In terms of shipments, the liquid biofuel industry, composed of ethanol and biodiesel
producers, grew at a faster rate, but the bio-based chemical industry, composed of
pharmaceutical and other chemical producers, is larger (figure ES-1).

The liquid biofuel and chemical industries use 1B in many products and processes, some of
which are well established and already commercialized to a significant extent and others that
are emerging. These products and processes, many of which are innovative, are subjects of
significant R&D. The Commission's investigation, based on a detailed survey of these firms,
found that business activities in IB—including the number of establishments, sales,
shipments, production, employment, R&D expenditures, and investment—are growing at
a rapid rate (figure ES-2). The magnitude of these activities, however, remains relatively
small compared with that of the conventional chemical and liquid fuel industries.
Government incentives and mandates are significant and have been vital to the growth and
development of many of the companies that rely on IB, particularly for the liquid biofuel
industry.

Innovation is important to the future competitiveness and productivity of U.S. firms.
Innovation indicators—including R&D expenditures, strategic alliances, and intellectual
property registrations—document substantial levels of activity focused on the development
and adoption of new IB products and processes (figure ES-3). R&D expenditures for 1B
increased at three times the rate of conventional R&D spending. Large and increasing R&D
expenditures have focused on the development of new drugs, advanced enzymes and
micro-organisms, the use of nonfood feedstocks and the improvement of yields, and the
development of higher-value co-products. New investments in pilot plants are moving the
technology for cellulosic ethanol toward commercialization.
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FIGURE ES-1
Liquid biofuels and bio-based chemicals: Share of shipments, by industry, 2007
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Source: Compiled from data submitted in response to U.S. International Trade Commission questionnaire.

FIGURE ES-2
Industrial biotechnology: U.S. business activity trends, 2004—07
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Source: Compiled from data submitted in response to U.S. International Trade Commission questionnaire.
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FIGURE ES-3

Industrial biotechnology: Innovation indicator trends, 2004-07
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Source: Compiled from data submitted in response to U.S. International Trade Commission questionnaire.

Strong growth in the number of domestic and foreign strategic alliances is enabling the
transfer of technology and knowledge across universities, firms, and governments, and
facilitating the globalization of supply chains. The formation of domestic and foreign
strategic alliances has grown from 532 new IB alliances in 2004 to 1,367 new alliances in
2007. Patent and trademark activity has intensified as firms seek to protect, commercialize,
and license their new discoveries and brands. Trademark registrations in particular have
shown strong growth, increasing from 197 new registrations in 2004 to 1,027 in 2007,
reflecting the increasing prominence of bio-based brands as the field moves from early
discoveries to the commercialization of innovative technologies and products.

Among the most significant impediments to the successful development and adoption of IB
by the U.S. liquid fuel and chemical industries are the rising cost of feedstocks and the
inability to attract sufficient investment. More than one-half of the production costs for
ethanol and 75 percent of the production costs for biodiesel are attributable to feedstocks;
consequently, feedstock cost and availability significantly impact firm operating income as
a share of total net sales. Retained earnings and debt are the most significant sources of
capital for IB firms; however, many small firms, including those focused exclusively on
R&D, have limited access to these sources. For these firms, and for others developing new
technologies, attracting funds or capital is a leading impediment. Funding from alternative
sources such as venture capital companies, strategic alliance partners, and federal
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government programs is critical, but often difficult to obtain. Impediments to the
development and adoption of IB reportedly have resulted in a number of firms deciding not
to pursue IB activities or to abandon a specific IB project.

Government programs assist in overcoming some impediments, particularly with respect to
liquid biofuels. Policies that contribute to the development and adoption of IB include tax
incentives; mandatory use regulations; research, development, and commercialization
support; loan guarantees; and agricultural feedstock support programs. The liquid biofuel and
bio-based chemical industries rank federal tax incentives, mandatory use regulations for final
products, and state or local tax incentives as the most important U.S. government policies.

IB has the potential to benefit the U.S. economy by allowing for the substitution of liquid
biofuels for conventional liquid fuels, potentially reducing crude petroleum imports, and
stimulating the development of rural economies as a result of increased agricultural
feedstock consumption. At the industry level, IB can improve production efficiency in the
liquid biofuel and chemical industries, resulting in potential reductions in manufacturing
costs and capital expenditures. The impact of IB on the productivity and competitiveness of
U.S. chemical and liquid biofuel firms is primarily related to the development of innovative
products and technologies. Life-cycle assessments conducted by firms to compare production
factors for bio-based products with their conventionally produced counterparts indicate that
IB can streamline production processes, lower energy consumption, and decrease waste
generation. IB can also create new products such as biodegradable plastics that can compete
with conventional products. IB may also provide a range of environmental benefits,
including sustainable production, reduced greenhouse gas (GHG) emissions, and less waste
generation.

Certain benefits of IB are controversial, especially concerning liquid biofuels. Questions
raised in this context include, but are not limited to, how corn used for ethanol affects food
supplies and prices, whether the increased production of corn is environmentally sustainable,
the magnitude of the impact of biofuels on GHG emissions, and the net energy content of
ethanol. An assessment of these factors is beyond the scope of this report. Whether the
promise of liquid biofuels and bio-based chemicals ultimately outweighs the potential
drawbacks will depend in large part on whether technological advances, such as cellulosic
ethanol, effectively mitigate some of the costs and other concerns, and on the impact of
government policy and market forces on the development of IB industries.

Liquid Biofuels

Because growth in the U.S. liquid biofuel industry during the 2004—-07 period is primarily
the result of mandatory use regulations and tax incentives, it is difficult to assess the impact
of IB on the competitiveness and productivity of liquid biofuel firms. However, current R&D
efforts by U.S. firms on innovative technologies may enhance competitiveness and
productivity in the future. These technologies include, for example, the development of
cellulosic ethanol, which uses nonfood, and potentially less costly, feedstocks; and an
alternate liquid biofuel, biobutanol, which may offer increased energy content and greater
compatibility with existing liquid fuel distribution infrastructure and vehicle engines as
compared with ethanol.
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The number of liquid biofuel producers, production establishments, and the value of corn
ethanol shipments each more than doubled from 2004 through 2007. The value of biodiesel
shipments increased by almost 2,500 percent. U.S. imports and exports of liquid biofuels
increased significantly, with ethanol accounting for most activity. Operating income as a
share of total net sales remained relatively flat for liquid biofuel producers, largely due to
rising feedstock costs.

The levels of R&D activity and investment in IB increased strongly from 2004 through 2007,
both in absolute terms and compared with total liquid fuel industry R&D activity and
investment. Liquid biofuel R&D expenditures increased by more than 400 percent from 2004
through 2007, reaching $152.5 million. These expenditures increasingly focused on the
commercialization of cellulosic ethanol. Cellulosic ethanol technologies have been an
important focus of R&D and investment as firms seek to broaden the base of feedstocks.
Several companies are expected to bring pilot or demonstration plants onstream in the United
States in 2008, with one firm expected to begin commercial scale cellulosic ethanol
production. Liquid biofuel producers, as compared with bio-based chemical producers,
accounted for the majority of investment in production facilities.

The prices of the primary feedstocks used in U.S. liquid biofuels (corn for ethanol and
soybeans for biodiesel) increased during the past several years. Other feedstock-related
issues such as poor crop yields, storage capacity, supply disruptions, transportation
bottlenecks, feedstock quality, and the unavailability of new feedstock varieties were also
reported by liquid biofuel producers as impediments to the successful development and
adoption of IB. Government programs that support the supply and utilization of feedstocks
are particularly importantto liquid biofuel producers. Federal programs affecting agricultural
feedstocks involve a wide range of activities, including direct support for farmers, R&D
projects at universities and in the private sector, and research at government laboratories.

Targeted U.S. and foreign government support for the development and adoption of IB is
much more extensive for the liquid fuel industry than for the chemical industry and is largely
driven by concerns about energy costs and security. Tax incentives are the most important
form of support for U.S. liquid biofuel producers, and are available at the federal and state
level. However, some firms report that current policies support a select few traditional
technologies for producing biofuels from traditional feedstocks, claiming that such policies
discourage innovation and the introduction of new biofuels to the marketplace.

Mandatory use regulations in the United States, ranked by liquid biofuel producers as the
second most important type of program, are comprehensive, with annually rising minimum
requirements for renewable fuels in the nation’s fuel supply. The strong growth of the U.S.
ethanol industry is largely attributable to U.S. mandatory use regulations.

The foreign countries examined in this report use tax incentives and have adopted or are
moving toward adoption of mandatory use regulations for liquid biofuels. All governments
also provide research, development, and sometimes commercialization support to the private
sector and fund government research entities that share findings with the private sector to
some degree. As in the United States, foreign government funding for liquid biofuels is
typically explicitly earmarked.
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Bio-based Chemicals

The bio-based chemical industry also expanded during the 2004-07 period, reflecting its
continued utilization of IB and its increasing commitment to green chemistry. Government
support policies do not target this industry to the extent they do the liquid biofuel industry.
The industry is also much less reliant on agricultural feedstocks. The pharmaceutical sector
dominates this industry. This sector is increasing its production of bio-based drugs, reflecting
the biological nature of producing consumer drugs such as vaccines and antibiotics, and its
increasing use of evolving bioprocesses. This industry also produces a wide variety of other
bio-based chemicals, such as commodity chemicals, food ingredients, and biodegradable
plastics.

The impact of IB on the competitiveness and productivity of bio-based chemical firms is
evident at the production and market levels through enhanced performance characteristics,
reductions in the environmental impact of production processes, reduction in production
costs and capital expenditures, the creation of innovative products, and novel market
positioning. Biopolymers, for example, produced sustainably from renewable resources such
as corn, are becoming increasingly competitive with their petrochemical counterparts in
terms of performance, cost, and product characteristics such as biodegradability.
Pharmaceutical companies are increasingly using IB to improve product purity and yield,
generate products that might otherwise not be technically feasible, incorporate sustainable
chemical processes, and realize related cost benefits. For example, the use of IB in the
production of certain antibiotics—a product category described as being highly competitive
with low margins—resulted in lower production costs and improved competitiveness.

The rate at which the bio-based chemical industry expanded, as expressed in the number of
producers, establishments, shipments, and employment, was less pronounced than that of the
liquid biofuel industry. Imports of bio-based chemicals declined slightly, while exports
increased by 17 percent during the period. Operating income as a share of total net sales
remained relatively flat for bio-based chemical producers.

The levels of R&D activity and investment in IB increased strongly from 2004 through 2007,
both in absolute terms and compared with total chemical industry R&D activity and
investment. R&D expenditures related to bio-based chemicals were much larger than those
related to liquid biofuels, reaching $3.4 billion in 2007. A small number of large
pharmaceutical companies accounted for a large share of bio-based chemical R&D
expenditures. Of the bio-based investment, pharmaceutical companies accounted for the
majority of investment in R&D facilities. The research focus is diverse in bio-based
chemicals, but largely targets the development of newer and more effective enzymes,
bio-based products, and production processes. Bio-based chemical producers and dedicated
R&D companies have been the largest contributors to the growth in technology transfer
alliances, entering into technology development alliances with foreign R&D firms and
universities.

Less government funding went to bio-based chemical producers than to liquid biofuel
producers, although bio-based chemical funding rose slightly during the period. As in the
United States, foreign government funding available to bio-based chemical producers is
usually part of more general authorizations.
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CHAPTER 1
Introduction

Industrial biotechnology (IB) activities in the United States by the chemical and liquid fuel
industries increased substantially during the 2004-07 period. Sales of U.S.-produced bio-
based products, for example, increased by over 30 percent during the period. Much of this
growth is accounted for by the ethanol and biodiesel industries, which are strongly supported
by government tax incentives or mandatory use regulations, or both. Pharmaceuticals
accounted for the majority of IB sales. Sales of bio-based products remain small in
comparison to conventional chemicals and liquid fuels.

IB R&D activity in the United States also increased substantially during the 2004—07 period.
R&D expenditures rose by almost 72 percent; most of these expenditures were made by the
research-intensive pharmaceutical industry. Both intellectual property activity and strategic
alliances, which are focused on many innovative aspects of IB including noncrop feedstocks,
enzymes and micro-organisms, and production processes, grew during the period as well.
Government grants support many IB R&D activities.

Despite strong growth in some parts of these industries, U.S. firms identified several major
impediments to the development and adoption of IB. Most of these impediments relate to the
risk inherent with new technology, including the uncertainty as to whether such technologies
can be fully developed and adopted. This uncertainty makes it difficult to attract R&D and
investment funds. Other impediments affecting the adoption of IB include high production
costs, especially feedstock costs, and perceived high market risk in comparison to profit
potential.

IB activities in countries such as Brazil, China, and the EU also expanded during the
2004-07 period. As in the United States, governments of these countries use tax incentives,
mandatory use regulations, and R&D funding to support their IB industries.

The development and adoption of IB can benefit the U.S. economy in a number of ways,
such as allowing for the substitution of liquid biofuels for conventional liquid fuels, thereby
potentially reducing crude petroleum imports, and enhancing rural economies as a result of
increased agricultural feedstock consumption. At the industry level, IB can improve process
efficiency as compared with conventional processes, resulting in potential reductions in
manufacturing costs and capital expenditures. IB can also create new products such as
biodegradable plastics that compete with conventional products.

IB may have environmental benefits, including sustainable production, reduced greenhouse
gas (GHG) emissions, and less waste generation, particularly in regard to the production of
bio-based chemicals. However, certain apparent advantages of IB are currently subject to
conflicting points of view (box 1-1).
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BOX 1-1 Current issues regarding industrial biotechnology

Industrial biotechnology is increasingly being adopted by the chemical and liquid biofuel industries because of its many
potential technical, economic, and environmental advantages. Such advantages include process simplification, process
cost savings, reduced consumption of fossil fuel inputs and energy, potential reductions in U.S. imports of crude
petroleum, development of rural economies, and beneficial environmental effects, the magnitude of which vary by
sector. However, certain aspects of producing and consuming liquid biofuels and bio-based chemicals are subject to
ongoing debate. Perhaps one of the most contested issues is the “food-versus-fuel” debate. Questions raised in this
context include, but are not limited to:*

. whether the use of corn to produce ethanol has diverted supply from the food chain;

. whether the escalating use of corn and associated price increases have been responsible for the recent
increase in food prices;

. whether farmers are now devoting increased acreage to corn at the expense of soybeans (the main feedstock
in the United States for biodiesel) or other crops; and

. whether increased production of corn is environmentally sustainable.

Questions have also arisen regarding two aspects of corn-based ethanol: (1) the magnitude of the biofuel's impact on
greenhouse gas (GHG) emissions, and (2) the net energy balance of the biofuel.? For example, two analyses found
that the use of corn-based ethanol can reduce GHG emissions by as much as 12—-13 percent.® Farrell, et al. indicate,
however, that a comparison of numerous studies evaluating corn-based ethanol versus gasoline showed divergent
values regarding GHG emissions, ranging from a 20 percent increase to a 32 percent decrease, as well as divergent
net energy values. The differences are attributed to numerous factors, including variations in the values and
parameters utilized in the studies and whether the corn is grown on existing farmland or on land that has been recently
converted for farm use.* Analyses by both Farrell, et al. and Hill, et al. indicate that cellulosic ethanol has the potential
to significantly reduce GHG emissions. Moreover, Hill, et al. noted that biodiesel reduces GHG emissions by 41 percent
compared with diesel, and found net energy balances of about 25 percent for corn-based ethanol and 93 percent for
biodiesel.

! These questions are posed by various sources. Responses to many have been provided by numerous sources
including: BIO, “Achieving Sustainable Production of Agricultural Biomass for Biorefinery Feedstock,” November 21,
2006; NCGA, “U.S. Corn Growers: Producing Food and Fuel,” November 2006; and RFA, “Ethanol Facts: Food Vs.
Fuel,” undated (accessed May 5, 2008).

2 Hill, et al., “Environmental, Economic, and Energetic Costs and Benefits,” July 25, 2006. The net energy balance
is the amount of energy provided by the liquid biofuel compared with the energy used to produce it. Corn ethanol is
said to have a low net energy balance because of the high energy input used in both the production of corn and the
resulting ethanol.

® Farrell, et al., “Ethanol Can Contribute to Energy and Environmental Goals,” January 27, 2006; and Hill, et al.,
“Environmental, Economic, and Energetic Costs and Benefits,” July 25, 2006.

* Farrell, et al., “Ethanol Can Contribute to Energy and Environmental Goals,” January 27, 2006.

Sources: Compiled from various sources.

Purpose

This report was prepared in response to a request from the Committee on Finance of the
United States Senate regarding the competitive conditions affecting certain industries that
are developing and adopting new IB processes and products.! As requested by the
Committee, the Commission’s report focused on firms in the U.S. chemical industry that are
developing bio-based products and renewable chemical platforms, and U.S. producers of
liquid biofuels. The Committee asked that the Commission’s report:

! This request was received by the Commission on November 2, 2006, pursuant to the provisions of
section 332(g) of the Tariff Act of 1930 (19 U.S.C. 1332(g)). A copy of the request letter is included in app.
A. The Commission’s notice of institution of this investigation was published in the Federal Register of
December 1, 2006 (71 Fed Reg 69588-89) and is included in app. B.
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Scope

. Describe and compare government policies in the United States and key
competitor countries throughout the world relating to the development of
products by these industries;

. Analyze the extent of business activity in these industries, including, but not
limited to, trends in production, financial performance, investment, research and
development, and impediments to development and trade;

. Examine factors affecting the development of bio-based products, including
liquid biofuels, and renewable chemical platforms being developed by the U.S.
chemical industry, including, but not limited to, globalization of supply chains,
capital investment sources, strategic alliances, intellectual property rights, and
technology transfer mechanisms;

. Determine, to the extent feasible, how the adoption of industrial biotechnology
processing and products impacts the productivity and competitiveness of firms in
these industries; and

. Assess how existing U.S. government programs may affect the production and
utilization of agricultural feedstocks for liquid biofuels as well as bio-based
products and renewable chemical platforms being developed by the U.S.
chemical industry.

Industrial biotechnology is the application of biotechnology (i.e., the use of living organisms,
or substances derived from living organisms) to manufacture various intermediate and
consumer products. Also called white biotechnology, IB is often referred to as the “third
wave” of biotechnology, following the relatively longer-term use of biotechnology in the
healthcare sector (red biotechnology) and the agricultural sector (green biotechnology).? The
distinction between red and white biotechnology with regard to pharmaceuticals is important
in defining the scope of this investigation. The development of pharmaceuticals using
genetic engineering or cell culturing is red biotechnology and is outside the scope of this
investigation. The downstream synthesis of pharmaceuticals using living organisms or
derivatives thereof is white biotechnology and is included in this investigation.

According to industry trade associations such as BIO and EuropaBio® and other industry
sources, IB processes are defined as specifically incorporating the use of enzymes or micro-
organisms to convert raw materials into finished products. This investigation focused on two
types of products made this way—bio-based chemicals including pharmaceuticals and
nonpharmaceuticals such as plastics, food ingredients, flavors, and fragrances; and liquid
biofuels such as ethanol. Other industry sources contacted by the Commission expand the
definition of IB to include any chemical or fuel made from renewable resources, regardless

2 Red and green biotechnology focus on genetic engineering or cell culturing involving plants or micro-
organisms to create new or improved pharmaceuticals or crops, respectively.

3 Biotechnology Industry Organization (BIO) is a major U.S. trade association representing hundreds of
biotechnology companies. The European Association of Bioindustries (EuropaBio) represents hundreds of
European biotechnology companies.
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of the production process. This expanded definition encompasses the production of biodiesel,
amajor liquid biofuel that is not currently manufactured with enzymes or micro-organisms.

For the purpose of this investigation, based on information derived from industry sources,
the Commission defined industrial biotechnology as follows:

The manufacture of liquid fuels and chemical products using
(1) enzymes or micro-organisms at any stage of the production
process, regardless of the type of raw materials used (e.g.,
renewable, fossil fuel-based, or inorganic); or (2) renewable
resources and conventional chemical processing.

Processes and Products

Fermentation and biocatalysis are common terms for chemical reactions that occur as a result
of using enzymes or micro-organisms.* Industry sources are inconsistent regarding the
distinction between these terms, but in general, fermentation is considered to be a type of
biocatalytic process.® For the purposes of this investigation, biocatalysis is used to indicate
fermentation, enzymatic, and microbial processes.® Biocatalysis can be applied to renewable
and nonrenewable raw materials.

Using the Commission’s definition of 1B, “conventional chemical processing” applied to
renewable resources results in the production of chemicals without using enzymes or micro-
organisms. Typically, this processing involves high temperatures or pressures and metal
catalysts to initiate chemical reactions.

These processes create bio-based products, or more specifically for this investigation, liquid
biofuels and bio-based chemicals. The most common liquid biofuel produced in the United
States is ethyl alcohol, or ethanol, which is primarily manufactured from the starch portion
of corn kernels. Brazil, a major producer of ethanol, uses sugarcane as its primary raw
material. Biodiesel is the second most common liquid biofuel. In the United States, soybean
oil is the primary raw material for biodiesel. The EU, a major producer of biodiesel, uses
mostly rapeseed as its feedstock. In terms of sales, pharmaceuticals are the most common
bio-based chemicals produced in the United States.

Liquid biofuels and bio-based chemicals include a wide variety of products, some of which
are well established and already commercialized to a significant extent and others that are
emerging. Many products are innovative in terms of manufacturing process or raw material,
particularly those that are produced using biocatalysis. A significant amount of U.S. R&D
is focused on developing and adopting innovative products and processes.

Conventional liquid fuels and chemicals are produced using nonrenewable resources, usually
fossil fuel-based substances, and conventional chemical processing. Over 95 percent of

* Enzymes are organic compounds that initiate or accelerate chemical reactions. Micro-organisms, or
microbes, are simple life forms that consume raw materials using enzymes that are a natural part of their
metabolism.

5 See definitions in the glossary for more information.

® A biocatalytic process breaks down chemically complex raw materials into simpler substances, causes
reactions to initiate, or shortens reaction time. This occurs in a vessel, or series of vessels, containing
enzymes or micro-organisms. Heat, water, or nutrients may be used to induce or optimize the chemical
reactions.
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chemicals and liquid fuels are currently produced using nonrenewable resources and
conventional chemical processing.’

Industry Coverage

This report addresses the development and adoption of IB by the U.S. chemical industry and
liquid biofuel producers and the factors affecting the development and adoption of IB by
these industries. Commission staff defined the chemical industry to include companies that
have establishments classified in North American Industrial Classification System (NAICS)
code 325.% The liquid biofuel industry was defined to include all companies that produce
liquid biofuels, regardless of NAICS code. This report refers to both sets of companies as
industries.

For the purposes of this report, these industries were further divided into several product
categories. For the chemical industry, these included commaodity and specialty chemicals;
chemical intermediates; polymers; pharmaceuticals; food ingredients; and flavors and
fragrances. For the liquid biofuel industry, these included biodiesel from virgin feedstocks;
biodiesel from recycled raw materials; starch-based ethanol from corn; other grain-based
ethanol; cellulosic ethanol; and biobutanol (another liquid biofuel).

Approach

Information Collection

Most information gathered for this investigation was collected through interviews with
industry representatives and by means of a questionnaire developed by Commission staff.°
The questionnaire addressed the elements of the request letter and was designed to both
identify companies with IB production or R&D activities, and to gather guantitative and
qualitative information about these activities. All liquid fuel and chemical companies were
requested to complete the questionnaire, regardless of whether they were involved in 1B
activities, in order to place their IB activities in perspective relative to the entire liquid fuel
and chemical industries.

Over 1,800 questionnaires were mailed to liquid fuel and chemical companies, both
producers and R&D firms, in September 2007. About 67 percent of companies returned
responses, of which almost one-half reported business activities related to liquid fuels or
chemicals. The remaining respondents reported that they did not engage in these activities.
Several chemical companies did not provide responses.”® The majority of nonrespondents
were R&D companies whose activities were most likely not within the scope of this
investigation.

7 Based on Commission questionnaire responses.

8 Code 325 is defined in the NAICS as Chemical Manufacturing. A list of all NAICS codes can be found
at http://www.census.gov/epcd/naics02/.

° A copy of this questionnaire can be found at
http://www.usitc.gov/ind econ ana/research ana/usitc guestionnaire biotechnology final.pdf.

10 Because no other data sources specifically address IB sales by the chemical industry, it is not known
whether these companies’ IB sales are significant.
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The information in questionnaire responses was supplemented by written submissions
provided to the Commission by interested parties; trade literature, including reports from
numerous government and nongovernment organizations;®* and interviews of industry
representatives in lllinois, lowa, Nebraska, and Washington, DC.

Analysis

The Commission’s analysis draws on questionnaire responses to analyze trends that occurred
during the 200407 period.* Cross-sectional analysis was used to evaluate trends for groups
of companies that produce similar products or perform similar activities. These groups, listed
below, were chosen to minimize overlap of activities; e.g., certain biofuel companies make
both ethanol and biodiesel and were grouped together as liquid biofuel producers to avoid
double counting. Nevertheless, a small amount of overlap was unavoidable. The groups used
were:

* IB producer groups:
* Liquid biofuel producers
* Bio-based chemical producers:
» Pharmaceutical producers
* All other bio-based chemical producers

* IB dedicated R&D companies:
» Pharmaceutical companies
 All other R&D companies

The analysis includes an evaluation of the impact of IB on the U.S. economy. Economists
generally estimate the economic impact of a particular sector or industry on the aggregate
economy through the sector’s contribution to gross domestic product, or GDP. The total
contribution of the IB sector to GDP includes the value added in producing IB products;
purchases of labor, agricultural feedstocks, equipment, and other production inputs; and
taxes paid. Indicators of this contribution include production or output of goods generated
in the local economy, sales, wages and salaries, employment and job creation, and the
income, sales, and property taxes paid to federal, state, and local governments.** Companies
that have not yet brought products to market still make current contributions to the U.S.
economy through R&D expenditures and by purchasing inputs from other companies.

Respondent Profile

There was a substantial increase in IB activities during the 2004—07 period. The number of
IB establishments increased by over 50 percent, compared with an increase of less than
10 percent for conventional liquid fuel and chemical establishments (table 1-1). Most 1B
establishments are located in California, Massachusetts, Texas, lowa, and Illinois
(figure 1-1).

1 An extensive bibliography is provided in this report.

12 The questionnaire was mailed to respondents in September 2007 and responses were typically prepared
before complete 2007 data were available. Respondents were requested to make reasonable estimates for
full-year data based on year-to-date 2007 information. Data are aggregated in this report so as not to reveal
the operations of any one company.

13 See, for example, Ernst and Young LLP, The Economic Contributions of the Biotechnology Industry to
the U.S. Economy, May 2000.
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TABLE 1-1

Liquid fuels and chemicals: Respondents’ production and research and development establishments,
2004-07

(Number)
2004/07
percent
Establishment type 2004 2005 2006 2007 change
Conventional liquid fuels and chemicals . . . 933 942 990 990 6.1
Liquid biofuels and bio-based chemicals .. 389 463 541 618 58.9
Total ... . 1,322 1,405 1,531 1,608 21.6

Source: Compiled from data submitted in response to U.S. International Trade Commission questionnaire.

FIGURE 1-1
Industrial biotechnology: Location of establishments, 2007
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Responding companies were diverse, and included large petroleum refiners, chemical
companies, pharmaceutical companies, and agribusiness companies, as well as more
narrowly focused companies that produce only liquid biofuels or bio-based chemicals, or are
focused solely on R&D activities.

Table 1-2 presents certain information regarding respondents. Almost 60 percent of
respondents rated IB as a crucial or important part of their business, and almost 70 percent
of respondents claimed to be performing one or more IB activities. For many companies,
biotechnology, IB, or renewable resources are specifically part of their written goals and
strategies.

Respondents cited a wide variety of reasons for evaluating or pursuing IB activities

(table 1-3). Principal reasons include improved profitability and sales growth potential.

TABLE 1-2
Industrial biotechnology: Respondent profile

Item

Number of responses

Total respondents reporting liquid fuel or chemical production

or research and development activities . .. ............ ... .. .. ... 559
Respondent organization type:
Farmers’ cooperative ... ... ...t 19
Joint venture:
Farmers’ cooperative and private company . ................... ... 8
Private company . ... 8
Publically traded company . ............ .. 165
Privately held company . ... 324
(1 = 33
Importance of industrial biotechnology to organization's business:
CrUCIAl .« . o 198
Important . . ... ... 126
MINOr IMPOMANCE . . . . 73
NOtIMPOrtANt . . . .o 152
Status of industrial biotechnology activities:*
NONE . 177
Evaluation of whether to initiate activities .. .......... ... ... .. ... ...... 29
Research and/or development of enzymes or micro-organisms ............ 75
Research and/or development of agricultural feedstocks . ................ 63
Other process or product research and/or development . ................. 104
Liquid biofuel production . ........... .. . . 181
Bio-based chemical production . ......... .. .. ... . . . . 79
Downstream production activities . ......... .. ... .. 21
Respondent companies’ goals and strategies:
Specifically reference biotechnology, industrial
biotechnology, or renewable resources ............ ... ... 243
Year first referenced:
Before 2004 . . . ... 131
2004 . 19
2005 L 31
2008 . 43
2007 . 23

L 1f "none” or “evaluation of activities” was indicated, respondents were not permitted to check any other category.

Multiple selections were permitted for remaining activities.

Source: Compiled from data submitted in response to U.S. International Trade Commission questionnaire.
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TABLE 1-3

Industrial biotechnology: Respondents’ indication of reasons for evaluating or pursuing industrial
biotechnology development or adoption

Total Percentage indicating:

Reason responses Very significant  Least significant
Improve profitability . .. ....................... 367 75 16
Sales growth potential . .. ..................... 362 71 18
Improve competitiveness . ............ ... ... 362 59 24
Related to current competencies ............... 367 55 25
Market share potential ....................... 361 54 24
Potential to develop novel products ............. 369 53 29
Improve productivity .. .......... .. ... ... 363 51 35
Implement sustainable production .............. 365 50 30
Product diversification . ... .................... 366 44 36
Reduce emissions of greenhouse gases ......... 363 40 40
Take advantage of government mandatory use

requirements . ............ i 360 33 47
Lessen other environmental effects ............. 361 25 53

Note.—Respondents indicated multiple reasons in most cases.

Source: Compiled from data submitted in response to U.S. International Trade Commission questionnaire.

Report Organization

This report addresses IB development and adoption by the U.S. chemical and liquid biofuel
industries and is divided into this and three other chapters that together address the elements
of the request letter. Chapter 2 provides extensive quantitative information on the level of
IB business activity in the United States, based primarily on the responses to the
Commission’s questionnaire. Chapter 2 also includes an analysis of important business
activity trends. Chapter 3 examines the factors affecting the development and adoption of
IB with a focus on impediments reported by the respondents and business strategies
employed to address these impediments, including the globalization of supply chains,
diversification of capital investment sources, strategic alliances and technology transfer, and
intellectual property rights. It includes a discussion of agricultural feedstocks and 1B R&D
and innovation in the United States, with particular examples of important technologies in
use or under development and their potential advantages over conventional products or
processes. Chapter 4 compares U.S. government and major foreign government policies that
support the development and adoption of IB. The chapter is arranged by policy, addressing
R&D support, tax incentives, regulations concerning the mandatory use of IB products, loan
guarantees for producers, and agricultural feedstock support programs.

The impact of IB on the productivity and competitiveness of U.S. chemical and liquid
biofuel firms is a cross-cutting issue addressed in chapters 2—4, particularly in the discussion
of financial performance in chapter 2; the description of new technologies and their potential
advantage in chapter 3; the description of the impact of governmental programs on the
liquid biofuel industry in the United States and selected competitor countries in chapter 4;
and in appendix D, which describes life-cycle assessments conducted by firms to compare
production and environmental factors for bio-based products with their conventionally
produced counterparts.
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CHAPTER 2
Trends in Bio-based Business Activities?

Activity in the liquid biofuel and bio-based chemical industries expanded significantly
during the 2004-07 period according to indicators of industry size for which data were
collected in this investigation (table 2-1). However, if ethanol and biodiesel activity, both
of which receive substantial government support, are excluded, the activity growth trend is
much less robust. Although ethanol and biodiesel accounted for almost 70 percent of the
increase in IB sales from 2004 through 2007, pharmaceutical sales accounted for 57 percent
of total IB sales in 2007.

Despite this expansion, the size of the liquid biofuel and bio-based chemical industries is
small compared with the conventional liquid fuel and chemical industries. In terms of sales,
bio-based products account for less than 5 percent of total sales of liquid fuels and chemicals

(figure 2-1).
TABLE 2-1
Liquid biofuel and bio-based chemical industries: Respondents' U.S. activity trends, 2004-07
2004/07
percent
Item 2004 2005 2006 2007 change
Number of establishments ............. 389 463 541 618 58.9
Sales of U.S.-produced products (1,000 dollars):
Liquid biofuels . .................... 4,712,944 5,543,593 8,748,272 11,299,279 139.7
Bio-based chemicals ................ 26,881,186 28,809,554 30,371,984 29,944,393 11.4
Total ... . 31,594,130 34,353,147 39,120,256 41,243,672 30.5
Value-added (1,000 dollars) ............ 14,882,499 17,311,706 20,498,414 19,794,236 33.0
Production employees:
Number ........ ... ... . . 20,718 21,919 23,926 25,262 21.9
Wages and salaries (1,000 dollars) . . ... 1,767,593 1,901,092 2,084,338 2,166,672 22.6
Research and development:
Expenditures (1,000 dollars) .......... 2,203,520 2,160,779 3,689,117 3,789,052 72.0
Number of employees . .............. 7,048 7,631 8,940 9,509 34.9
Investment (1,000 dollars) ............. 2,525,940 2,730,663 5,046,363 8,061,796 219.2
Federal and state grants (1,000 dollars) . . . 104,279 @) 98,734 151,044 44.8

! Data withheld to avoid disclosure of confidential business information.

Source: Compiled from data submitted in response to U.S. International Trade Commission questionnaire.

! Unless otherwise indicated, data in this chapter are based on Commission questionnaire responses.
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FIGURE 2-1
Conventional and bio-based liquid fuels and chemicals: Relative sales of respondents' U.S.-produced
products, 2007

Total sales = $888.3 hillion

Liquid biofuels
1%

Conventional
chemicals
23%
Conventional
liquid fuels
73%
Bio-based
chemicals

3%

Source: Compiled from data submitted in response to U.S. International Trade Commission questionnaire.

Industry Characterization

Liquid Biofuels

The liquid biofuel industry expanded significantly from 2004 through 2007, largely because
of mandatory use regulations, tax incentives, and MTBE bans? implemented by federal and
state legislation. The Energy Policy Act of 2005 (EPAct 2005, P.L. 110-58), established the
first-ever Renewable Fuels Standard (RFS) in federal law, requiring increasing volumes of
ethanol and biodiesel to be blended with the U.S. fuel supply between 2006 and 2012. The
Energy Independence and Security Act of 2007 (P.L. 110-140, H.R. 6) amended and
increased the RFS, requiring 9 billion gallons of renewable fuel use in 2008, stepping up to
36 billion gallons by 2022. Virtually all of the expansion is the result of increased activity
related to the production of corn ethanol and biodiesel.

2 MTBE is a fuel additive that was used as an octane enhancer and as an oxygenate to lower harmful
emissions and enable compliance with U.S. clean air standards. Health concerns resulted in numerous state
bans on the use of MTBE. Ethanol is a substitute for MTBE. The Renewable Fuel Standard led to the lifting
of most requirements for oxygenates, as the required ethanol content in gasoline generally meets these
requirements. EPA, “Methyl Tertiary Butyl Ether (MTBE): Gasoline,” September 13, 2007; EPA,
“Contaminant Focus,” November 30, 2007; and EPA, “State Actions Banning MTBE (Statewide),” August
2007.
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The numbers of liquid biofuel producers and establishments® both more than doubled during
the 2004-07 period (table 2-2). Sales and employment had similar increases. Liquid biofuel
sales remain a small portion of total sales of liquid fuels in the United States, but their annual
growth rate was significantly higher.* These sales accounted for 1.8 percent of the value of
total liquid fuel sales in 2007, up from 1.2 percent in 2004. Similarly, liquid biofuel
employment accounted for 11 percent of total liquid fuel employment in 2007, compared
with 6 percent in 2004.

TABLE 2-2
Liquid fuels: Respondent U.S. producers' structure, sales, and employment, 2004-07
2004/07
percent
Item 2004 2005 2006 2007 change
Number of producers:*
Allliquid fuels® .. ................... 103 113 153 205 99.0
Liquid biofuels . .................. 60 73 109 164 173.3
Number of liquid biofuel production
establishments® .. .................. 91 112 157 218 139.6
Value (1,000 dollars)
Sales of U.S.-produced products:
Conventional liquid fuels ............. 396,868,019 537,530,014 602,529,682 634,693,800 59.9
Liquid biofuels:
Fuelproducts . ................... 4,712,944 5,543,593 8,748,272 11,299,279 139.7
Byproducts ... ........ ... .. 731,402 709,839 916,977 1,606,127 119.6
Employment:
Conventional liquid fuels:
Number of employees (FTE) ........ 55,075 57,928 59,586 61,014 10.8
Wages and salaries (1,000 dollars) . . . 5,666,062 6,178,186 6,751,758 7,130,205 25.8
Liquid biofuels:
Number of employees (FTE) ........ 3,797 4,434 5,633 7,292 92.0
Wages and salaries (1,000 dollars) . . . 216,179 255,678 327,424 425,616 96.9

! The number of producers includes only companies that reported sales or shipments during the year. Companies
that sold or shipped more than one type of bio-based product are included in each category, except for totals.

2 Includes both conventional fuel and liquid biofuel producers. Conventional fuels, including, for example, gasoline,
diesel fuel, and jet fuel, are produced at crude petroleum refineries.

3 Includes establishments that produced both liquid biofuels and bio-based chemicals.

Source: Compiled from data submitted in response to U.S. International Trade Commission questionnaire.

% An establishment is a single physical production or R&D location.
* Much of the growth in sales of conventional liquid fuels is attributable to crude petroleum price
increases.
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Ethanol

The number of U.S. ethanol producers increased by 70 percent during 2004—07 in response
to rising demand (table 2-3).> According to the Renewable Fuels Association, the U.S.
ethanol industry expanded from 72 plants with an annual capacity of 3.1 billion gallons in
January 2004 to 139 plants with an annual capacity of 7.9 billion gallons as of January
2008.° Although U.S. ethanol production capacity has become somewhat more dispersed
geographically, production and capacity remain concentrated in the Midwest.

TABLE 2-3
Ethanol: Respondent U.S. producers' structure and shipments, 2004-07
2004/07
percent
Item 2004 2005 2006 2007 change
Number of producers:
Starch-based corn ethanol ........... 32 38 45 58 81.3
Other starch-based ethanol .. ......... 8 8 9 10 25.0
Shipments:
Starch-based corn ethanol:
Quantity (1,000 gallons)* ........... 2,884,522 3,187,356 3,894,383 5,182,100 79.7
Value (1,000 dollars) .............. 4,248,990 4,819,868 7,736,402 10,189,843 139.8
Unit value (dollars per gallon)® . ... ... 1.47 151 1.99 1.97 335
Other starch-based ethanol:
Quantity (1,000 gallons)* ........... 230,471 237,914 288,959 298,849 29.7
Value (1,000 dollars) .............. 289,976 337,800 408,970 413,083 42.5
Unit value (dollars per gallon)® . ... ... 1.26 1.42 1.42 1.38 9.9
Total:
Quantity (1,000 gallons) . . .......... 3,114,993 3,425,270 4,183,342 5,480,949 76.0
Value (1,000 dollars) .............. 4,538,966 5,157,668 8,145,372 10,602,926 133.6

! Data understated because not all producers were able to provide shipment quantities.
2 Unit values based only on responses that provided both value and quantities in the indicated year.

Source: Compiled from data submitted in response to U.S. International Trade Commission questionnaire.

The average size of a U.S. ethanol plant has been increasing; however, plant size varies by
type of ownership. The average capacity of farmer-owned plants was 40 million gallons per
year in 2008, as compared with 66 million gallons per year for other plants.” Single-plant
operations accounted for 82 percent of ethanol production capacity in 2007,% and new
entrants tend to be single-plant firms.® About two-thirds of U.S. ethanol production capacity
was accounted for by nonfarmer companies as of January 2008; the remainder was held by
farmer-owned cooperatives. Prior to 2007, farmer-owned cooperatives’ share of total
capacity had been increasing. The increase in nonfarmer companies’ capacity share in 2007
and 2008 largely reflects a broadening of participant types and capital sources.

S FTC, 2007 Report on Ethanol Market Concentration, undated (accessed March 21, 2008), 14 and 17.
The Herfindahl-Hirschman Index, based on individual producers’ capacity, declined from 0.499 in 2005 to
0.292 in 2007. FTC, 2005 Report on Ethanol Market Concentration, December 1, 2005, 13; FTC, 2006
Report on Ethanol Market Concentration, December 1, 2006, 11; and FTC, 2007 Report on Ethanol Market
Concentration, undated, 16.

® RFA, Changing the Climate, February 2008, 4.

" Calculated by Commission staff using data from RFA, Industry Statistics, 2005, undated (accessed
March 27, 2008).

8 Lauritzen, “Consolidation & Strategic Alternatives for Ethanol Producers,” May 10, 2007, 14.

° Ibid., 15.
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Ethanol shipments expanded from 2004 through 2007, largely owing to state MTBE bans,*°
the initial imposition of the RFS in 2005, and the expansion of the RFS in 2007.%
Shipments of ethanol, the bulk of which were corn ethanol, increased by 76 percent in
quantity and 134 percent in value from 2004 through 2007.% According to the USDOE, the
quantity of ethanol produced in the United States increased from 3.4 billion gallons in 2004
to 6.5 billion gallons in 2007, or by 91 percent. The average unit value for corn ethanol
increased from 2004 though 2006 because demand increased more rapidly than production
capacity and import supplies; the average unit value declined in 2007, when additional
production capacity came onstream.

The U.S. industry reported capacity expansion plans for the 2007-09* period totaling
3.7 billion gallons per year in 50 new plants, and published sources report U.S. ethanol
industry capacity expansion plans of 5.5 billion gallons per year as of February 2008.%
However, a number of firms have recently announced that they will delay or cancel plans to
expand capacity or build new capacity, mainly in response to the rapid expansion in recent
years that has resulted in an excess of ethanol production and falling prices, and escalating
corn costs. A recent estimate puts the amount of expanded capacity that is currently being
delayed or cancelled at approximately 1.3 billion gallons per year.'’

Biodiesel

The number of U.S. biodiesel producers increased by more than 400 percent from 2004 to
2007 (table 2-4). Firms also increased their production considerably; average biodiesel
production from virgin feedstocks (the most common feedstock in the United States is soy)
per firm increased from a mean of 1.9 million gallons in 2004 to 5.8 million gallons in 2007.
The increase in average production per firm was lower for firms making biodiesel from
recycled oils (mostly used cooking oil). The National Biodiesel Board estimated that the total
biodiesel production capacity in the United States, as of January 2008, was 2.2 billion
gallons from 171 plants.*® Although biodiesel production is spread throughout the United
States, with production facilities in 41 of 50 states,'® most production occurs in the Midwest,
Southeast, and the state of Texas. Texas has the largest number of production facilities at
22.%

10 The largest impact was caused by the MTBE bans in California, New York, and Connecticut, which
became effective January 1, 2004. USDOE, EIA, “Status and Impact of State MTBE Bans,” March 27, 2003.

1 Energy Policy Act of 2005, Pub. L. No. 109-058, § 1501.

12 Energy Security and Independence Act of 2007, Pub. L. No. 110-140, § 202.

3 The quantity of shipments reported in 2007 represented 82 percent of U.S. production that year.

1 USDOE, EIA, “U.S. Fuel Ethanol Oxygenate Production at Oxy Plant,” February 29, 2008.

15 Commission questionnaires were submitted by respondents in October 2007, so the expansion plan
period began in late 2007.

8 RFA, Changing the Climate, February 2008.

7 Ethanol & Biodiesel News, “Special Report: Capacity Glut Crimps New Ethanol Plants,” February 19,
2008.

8 NBB, “Commercial Biodiesel Production Plants,” January 25, 2008.

9 Ipid.

2 Ipid.
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TABLE 2-4

Biodiesel: Respondent U.S. producers' structure and shipments, 2004—07

2004/07
percent
Item 2004 2005 2006 2007 change
Number of biodiesel producers:*
Using recycled raw material .......... 7 10 14 25 257.1
Using virgin raw material . ............ 12 18 43 82 583.3
Shipments:
From recycled raw material:
Quantity (1,000 gallons)® ........... 9,598 12,094 10,466 15,710 63.7
Value (1,000 dollars) .............. 8,456 12,786 18,205 33,698 298.5
Unit value (dollars per gallon)® . .. .. .. .98 1.41 1.74 2.14 118.1
From virgin raw material:
Quantity (1,000 gallons)® ........... 22,381 94,266 247,693 479,684 2,043.3
Value (1,000 dollars) .............. 32,652 190,803 422,998 1,034,628 3,068.7
Unit value (dollars per gallon)® . ... ... 2.15 2.63 2.39 2.49 16.0
Total:
Quantity (1,000 gallons)® ........... 31,979 106,360 258,159 495,394 1,449.1
Value (1,000 dollars) .............. 41,108 203,589 441,203 1,068,326 2,498.8

! The number of producers includes only companies that reported sales or shipments during the year. Companies
that sold or shipped more than one type of bio-based product are included in each category, except for totals.

2 Data understated because not all producers were able to provide shipment quantities.

% Unit values based only on responses that provided both value and quantities in the indicated year.

Source: Compiled from data submitted in response to U.S. International Trade Commission questionnaire.

The RFS and blenders’ tax credit! contributed to the increase of well over 1,000 percent in
biodiesel shipments during the 2004-07 period to 495.4 million gallons. Most of the increase
in biodiesel shipments came from firms making biodiesel from virgin feedstocks as opposed
to recycled feedstocks, possibly because of the larger value of the excise tax credit for
biodiesel from virgin feedstocks versus recycled feedstocks.?” The weighted average unit
value for all biodiesel shipments increased from $1.29 per gallon in 2004 to $2.16 per gallon
in 2007;% reported spot prices were higher still.*

Over 40 biodiesel plants with a combined capacity of 884 million gallons are expected to
come onstream by 2009, according to Commission questionnaire responses. Twenty-five of
these plants will use virgin feedstocks and have a combined capacity of 802.5 million
gallons. Seventeen plants currently under construction will produce biodiesel from recycled
raw materials and will have a combined capacity of 81.7 million gallons.

2 A federal tax credit for biodiesel was included in the American Jobs Creation Act of 2004. This act
allowed fuel blenders to claim a tax credit for each gallon of biodiesel blended with petroleum diesel; the
credit is $1 per gallon for biodiesel from agricultural commodities such as soybean oil and $0.50 per gallon
for biodiesel from recycled oils. EPAct 2005 extended this excise tax credit and introduced a producers’
credit for small biodiesel producers using virgin feedstocks. USDOE, EIA, “American Jobs Creation Act of
2004,” 2005; and USDOE, EERE, “Energy Policy Act of 2005,” January 24, 2008.

22 NBB, “Commercial Biodiesel Production Plants,” January 25, 2008.

2 Average unit values were calculated only from data of respondents that reported both value and
quantity of biodiesel shipments for a given year.

2 FAPRI, 2008 US Baseline Briefing Book, March 2008; and Carriquiry and Babcock, “A Billion Gallons
of Biodiesel,” Winter 2008. FAPRI reported a projected rack price for biodiesel of $3.84 per gallon for the
period October 2007 through September 2008; Carriquiry and Babcock reported an average biodiesel price in
lowa for the week ending on January 11, 2008, of $4.20 per gallon.
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Bio-based Chemicals

The bio-based chemical industry also expanded during the 2004-07 period, reflecting the
sector’s continued utilization of IB and its increasing commitment to green chemistry.? But
its rate of expansion as expressed in the number of producers, establishments, sales, and
employment was much less pronounced than that of the liquid biofuel industry (tables 2-5
and 2-6). Bio-based chemical sales as a share of total chemical sales decreased slightly, from
14 percent to 13 percent during the 2004-07 period.

This comparatively slower growth is likely the result of the industry receiving substantially
less government support. There are few, if any, tax incentives and mandatory use regulations
that target the industry.?® In addition, the industry is more mature than the liquid biofuels
industry; biocatalysis and renewable resources have been used by chemical producers for
decades.

Pharmaceuticals

The bio-based chemical industry is dominated by the pharmaceutical sector, even though the
number of producers and establishments in this sector is substantially less than the number
producing other bio-based chemicals. Pharmaceutical companies accounted for almost 79
percent of total bio-based chemical sales in 2007. Pharmaceutical companies’ bio-based sales
as a share of total pharmaceutical sales are approximately 33 percent, which is significantly
higher than for any other chemical sector, reflecting the biological nature of producing many
drugs such as vaccines and antibiotics, and the sector’s increasing use of evolvi